Abstract Purpose: Systemic chemotherapy fails to access much of the tumor burden in patients with advanced cancer, significantly limiting its efficacy. In preclinical studies, brief high doses of tyrosine kinase inhibitors (TKI) targeting the human epidermal growth factor receptor (HER) family can prime tumor vasculature for optimal chemotherapeutic delivery and efficacy. This study investigates the clinical relevance of this approach. Experimental Design: A phase I clinical study of escalating doses of the HER TKI lapatinib given as a 2-day pulse before a weekly infusion of nab-paclitaxel (100 mg/m 2 ) was conducted in patients with advanced solid tumors. Results: Twenty-five patients were treated. Treatment was associated with grade 1 to 2 toxicities including diarrhea, nausea, rash, neutropenia, neuropathy, fatigue, alopecia, and anemia. The two dose-limiting toxicities were grade 3 vomiting and grade 4 neutropenia, and the maximum tolerated dose of lapatinib was defined as 5250 mg/day in divided doses. Lapatinib concentrations increased with increasing dose. Dynamic Contrast Enhanced Magnetic Resonance Imaging studies in a subset of patients confirmed a decrease in tumor vascular permeability immediately following a lapatinib pulse. Sixty-five percent of evaluable patients experienced a partial or stable response on this therapy, 72% of whom were previously taxane-refractory. Conclusion: A 2-day pulse of high-dose lapatinib given before weekly nab-paclitaxel is a feasible and tolerable clinical regimen, suitable for testing this novel vascular-priming chemosensitization hypothesis developed in preclinical models. (Clin Cancer Res 2009;15(17):5569-75) 
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Abstract Purpose: Systemic chemotherapy fails to access much of the tumor burden in patients with advanced cancer, significantly limiting its efficacy. In preclinical studies, brief high doses of tyrosine kinase inhibitors (TKI) targeting the human epidermal growth factor receptor (HER) family can prime tumor vasculature for optimal chemotherapeutic delivery and efficacy. This study investigates the clinical relevance of this approach. Experimental Design: A phase I clinical study of escalating doses of the HER TKI lapatinib given as a 2-day pulse before a weekly infusion of nab-paclitaxel (100 mg/m 2 ) was conducted in patients with advanced solid tumors. Results: Twenty-five patients were treated. Treatment was associated with grade 1 to 2 toxicities including diarrhea, nausea, rash, neutropenia, neuropathy, fatigue, alopecia, and anemia. The two dose-limiting toxicities were grade 3 vomiting and grade 4 neutropenia, and the maximum tolerated dose of lapatinib was defined as 5250 mg/day in divided doses. Lapatinib concentrations increased with increasing dose. Dynamic Contrast Enhanced Magnetic Resonance Imaging studies in a subset of patients confirmed a decrease in tumor vascular permeability immediately following a lapatinib pulse. Sixty-five percent of evaluable patients experienced a partial or stable response on this therapy, 72% of whom were previously taxane-refractory. Conclusion: A 2-day pulse of high-dose lapatinib given before weekly nab-paclitaxel is a feasible and tolerable clinical regimen, suitable for testing this novel vascular-priming chemosensitization hypothesis developed in preclinical models. ( One of the significant barriers to the highly effective treatment of patients with metastatic cancer is the failure of chemotherapeutic agents to efficiently reach all the tumor cells and produce their cytotoxic effects on a significant fraction of the whole tumor burden. The lack of access to much of the disease is due to highly abnormal tumor vasculature, characterized by high permeability and very poor architecture resulting in tissue hypertension, hypoxia, acidosis, and absence of osmotic gradients resulting in poor exchange of nutrients and drugs (1) . One of the principal challenges in clinical cancer research is to understand the mechanisms underlying this therapeutic barrier and develop adjunctive therapies to overcome it. Measurable progress has been made with therapies that target the vascular endothelial growth factor (VEGF) signaling pathway. The effects of this class of agents on tumor vasculature have been mechanistically defined in preclinical models (2, 3) and their ability to enhance chemotherapeutic efficacy validated in a number of clinical studies (4) (5) (6) . A role for other vascular targets remains to be defined.
The human epidermal growth factor receptor (HER) family of receptor tyrosine kinases are important drivers of tumor endothelial signaling, in particular phosphoinositide 3-kinase/Akt pathway activation (7) (8) (9) (10) . Upstream signals that activate HER family signaling in tumor endothelial cells include paracrine signaling (11, 12) , autocrine signaling (13) , and cross-talk from G-protein-coupled receptor activation (14) . In preclinical models, we found that the effects of HER-family tyrosine kinase inhibitor (TKI) therapy on tumor vasculature are at least as profound as those reported by VEGFR targeting therapies (15) . This includes a reduction in transendothelial permeability, similar to VEGF-targeting agents, accompanied by an increase in fractional plasma volume, not seen with VEGF-targeting agents. Importantly, these effects are transient and reversible and seen within 48 hours of high-dose TKI therapy, but not seen with continuous lower dosing. Consistent with the noted improved vascular function, the addition of a 2-day high-dose pulse of TKI immediately before chemotherapy led to enhancement of chemotherapeutic efficacy, whereas continuous TKI dosing at maximum tolerated dose (MTD) had little effect. These data suggest that HER family TKIs may have chemosensitizing effects that are distinct from VEGF pathway targeting agents.
In phase III clinical studies, HER TKIs in continuous dosing have not enhanced the efficacy of cytotoxic chemotherapeutics (16, 17) . A vascular or chemosensitizing effect with continuous dosing was not seen in preclinical models either, and it is unlikely that this activity can be harnessed at low dose and continuous schedule (15) . The TKI itself is subject to delivery barriers and it cannot target the tumor vasculature if it cannot access it. Consistent with this, their vascular effects become apparent at high doses in preclinical models. To begin to test the clinical relevance of these findings, we conducted a phase I study of the HER TKI, lapatinib, given as a high-dose pulse immediately before weekly i.v. albumin-bound paclitaxel (Abraxane; Abraxis BioScience, Inc.) in patients with advanced or metastatic solid tumors. Lapatinib (Tykerb; GlaxoSmithKline) is a reversible HER TKI with a highly selective target profile and potentially wide therapeutic index permissive to significant dose escalation. Albumin-bound paclitaxel is a new formulation of paclitaxel that overcomes many of the delivery barriers created by the Cremophor vehicle of the previous paclitaxel formulation, including complex nonlinear pharmacokinetics and reduced volume of distribution, which may be due to plasma micelle entrapment and reduced tissue deposition (18) (19) (20) (21) (22) (23) . This formulation allows optimal testing of adjunctive strategies to further improve tissue delivery of paclitaxel.
Patients and Methods
Patient eligibility. Patients were enrolled after this study protocol was approved by the Committee on Human Research. All participants provided written informed consent. Patients had advanced solid tumor malignancies. There were no restrictions on prior number of therapies, and prior paclitaxel and epidermal growth factor receptor (EGFR) or HER2-targeted therapies were allowed. Evaluable disease was required, but measureable disease was not required. Inclusion criteria included age >18 y, Eastern Cooperative Oncology Group performance status of 0 to 2, life expectancy of >3 mo, adequate organ function, and at least 1 mo since prior therapy of any kind. Exclusions included preexisting grade 2 neuropathy, significant cardiac disease, and progressing brain metastases.
Baseline evaluation. Pretreatment evaluation included hematologic and biochemical blood work, chest/abdomen/pelvis computed tomography imaging, and electrocardiogram and MUGA evaluations within 5 wk of enrollment.
Treatment plan. Patients self-administered lapatinib orally on days 1 and 2 followed by the i.v. administration of nab-paclitaxel at a fixed standard dose of 100 mg/m 2 on day 3 of weeks 1, 2, and 3 of a 4-wk cycle. Lapatinib was the experimental therapy and was administered using a dose escalation design guided by toxicity evaluation (see below). Lapatinib was administered in twice-daily dosing because of the higher area under curve (AUC) and reduced pill burden experienced with this schedule (24) . Patients were instructed to take the lapatinib pills on an empty stomach to avoid any potential confounding effects caused by concomitant food intake. Patients continued on therapy as long as they remained free of progression and unacceptable toxicities. Treatment response was assessed both clinically and using Response Criteria to Treatment in Solid Tumors (25) every 2 mo. Clinical activity was determined using results from history and physical examinations, serum biomarkers, chest/abd/pelvis computed tomography scans, and occasional bone scans.
Dose escalation design. The lapatinib dose was escalated according to an accelerated titration design starting with 1,000 mg/d in twice daily dosing (dose level 0; ref. 26) . Subsequent lapatinib dose levels were designated as the following: dose level 1, 1,500 mg/d; dose level 2, 2,000 mg/d; dose level 3, 2,750 mg/d; dose level 4, 3,750 mg/d; dose level 5, 5,250 mg/d; and dose level 6, 7,500 mg/d. At least 1 mo of treatment and toxicity data were required for all patients to determine tolerability. The accelerated phase continued in cohorts of one until a patient experienced a dose limiting toxicity (DLT), or two patients experienced ≥grade 2 toxicity. When one of these criteria was met, the accelerated dose-escalation phase closed and the standard doseescalation phase was initiated. The standard phase continued in cohorts of 3, expandable to 6, until the highest dose at which ≤1 of 6 patients experienced a DLT was determined. There was no intrapatient dose escalation. Toxicity was assessed according to the Common Toxicity Criteria version 3.0. DLT was defined as toxicity that occurred during the first cycle of therapy and was attributable to treatment. Toxicities meeting criteria for a DLT include (a) grade 4 neutropenia [absolute neutrophil count (ANC), <500] for ≥96 h or grade 3 neutropenia with fever (ANC, <1,000 and temperature, >38.5°C); (b) grade 4 thrombocytopenia (<25,000) or a bleeding episode requiring platelet transfusion support; (c) any grade 3 or greater nonhematologic toxicity excluding fatigue and sensory neuropathy. Diarrhea and nausea/ vomiting were graded in the setting of maximal antidiarrheals and antiemetics, respectively; (d) grade 3 or greater sensory neuropathy despite dose reduction of nab-paclitaxel; (e) grade 3 or greater fatigue
Translational Relevance
The ability of biological agents to induce temporary improvements in tumor vascular function and enhance the effects of chemotherapy has been shown with agents that target the vascular endothelial growth factor signaling pathway. Recent data suggest that human epidermal growth factor receptor (HER) family tyrosine kinase inhibitors (TKI) also have significant effects on tumor vascular function and that the way in which they are given may play an important physiologic role. HER TKIs inhibit a number of signaling pathways only transiently, which suggests that some of their biological activity is short lived. In preclinical models, tumor vascular permeability and perfusion characteristics are transiently optimized following a brief pulse of high-dose HER TKI therapy, and chemotherapy effects are enhanced when delivered after such a pulse. Our study is the initial translation of this chemosensitization hypothesis, and shows that targeting HER family receptors through alternative scheduling strategies is clinically feasible and may be a novel approach to improving chemodelivery.
lasting longer than 1 week; and (f) any lapatinib-or nab-paclitaxelrelated toxicity causing treatment delay of >2 wk.
Toxicity assessment, toxicity management, and dose modifications. Toxicity assessments were made on days 3, 10, and 17 of the first two cycles and monthly thereafter. Complete blood counts were evaluated with each nab-paclitaxel infusion. Radiologic and cardiac imaging was done every 8 wk. For patients with grade 3 diarrhea or rash despite maximal supportive care, or a second recurrence of intolerable grade 2 diarrhea or rash despite maximal supportive care, the lapatinib dose was decreased to one level lower and nab-paclitaxel was held until symptoms improved to a grade 1 toxicity level. Granulocyte cell stimulating factor support was added in the first instance of grade ≥2 neutropenia. Dose reduction of nab-paclitaxel was incurred in the second instance of grade ≥2 neutropenia despite granulocyte cell stimulating factor, and in the first instance of grade ≥2 neuropathy after resolution to grade 1. For all other nonhematologic grade ≥3 toxicities, treatment was held until improvement to grade 1 and then resumed at the same dose of nab-paclitaxel and one dose level lower of lapatinib.
Plasma lapatinib levels and paclitaxel pharmacokinetics. Blood samples for assessment of lapatinib plasma concentration were obtained at baseline, 4 h after the first dose of lapatinib (approximate Tmax), and 48 h after the first lapatinib dose (highest trough concentration for this regimen) before the nab-paclitaxel infusion. Samples were analyzed for lapatinib plasma concentration using a previously described method (27) with a sensitivity of 1 ng/mL and precision and accuracy within 15%.
After the MTD was defined, three additional patients were enrolled at the MTD for paclitaxel pharmacokinetic studies. In these three patients, the administration of lapatinib was omitted from the first week of nabpaclitaxel, but was given before the second and all the subsequent weekly infusions. Blood samples were drawn before and at 1/2, 1, 2, 4, 7, and 24 h after the beginning of the nab-paclitaxel infusion on day 3 and again on day 10 of the first cycle. An additional sample was also collected 24 h after the third infusion of nab-paclitaxel on day 18 of the first cycle.
Paclitaxel concentration was measured using a liquid chromatography/tandem mass spectrometry system consisting of a 717 plus autosampler (Waters Corporation) and Quattro Ultima (Micromass) detector with electospray positive ionization mode. The multiple reaction monitor was set at 854.4 to 509.2 m/z for paclitaxel and 859.4 to 509.2 m/z for internal standard (paclitaxel-d5). The sample cone voltage and collision energy for paclitaxel and internal standard were set at 35 V and 15 eV, respectively. Chromatography was done on BDS C18 column (50 × 4.6 mm, 5 mm particle size; Thermo Electron Corporation). The mobile phase was CH 3 CN: H 2 O: CH 3 COOH, (50:
. The plasma sample (0.2 mL) was extracted with 1 mL of methyl tert-butyl ether. The organic layer was then transferred to another tube, evaporated by N 2 gas, reconstituted with 0.15 mL of mobile phase, and 10 μL was injected onto the column. The standard curve was from 20 to 5,000 ng/mL. The relative SDs for low, medium, and high concentration QC samples were <15%. Pharmacokinetic analyses were done using WinNonlin software Version 4.1.
Magnetic resonance perfusion studies. Dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) scans of measureable nonpulmonary and noncentral nervous system metastases were obtained within 2 wk of starting lapatinib therapy and again on day 3 of cycle 1 immediately following the 2-d lapatinib pulse (defined as scans 1 and 2, respectively) in a subset of eligible patients. DCE-MRI scans were also obtained on days 15 (prelapatinib) and 17 (postlapatinib) of the first cycle during the standard phase of the protocol (defined as scans 3 and 4).
All scans were obtained on a 1.5 T scanner (General Electric Healthcare). Initial unenhanced magnetic resonace images were obtained to localize a nonpulmonary noncentral nervous system metastasis at least 2 cm in craniocaudad diameter. A solid portion of the tumor was designated as the indicator lesion at the discretion of the study radiologist. For the dynamic contrast technique, a three-dimensional fast spoiled gradient-recalled echo sequence (256 × 128 matrix; eight 5-mm slices acquired every 11 s for 5.53 min; 22-36 cm axial field of view) was used to acquire T1-weighted images before, during, and following i.v. administration of 0.1 mmol/kg gadopentetate dimeglumine injected at 3 cc/s and followed by a 10 cc saline flush at 3 cc/s. For each scan, the dynamic contrast enhanced images were transferred to a desktop computer (Dell Dimension 4700) for postprocessing using a commercially available image analysis software program (MIStar; Apollo Medical Imaging). All magnetic resonace perfusion studies were analyzed by a single radiologist. Signal-intensity time curves were generated by averaging all voxels in each region of interest at each time point. Because signal intensity varies nearly linearly with tracer concentration, using the pulse sequences and concentrations expected in this study, it was determined that conversion to tracer concentration via T1 mapping would increase rather than decrease measurement variability. These data were fit to the Tofts model to determine tumor vascular permeability (Ktrans) and the fractional plasma volume (Vp) for each tumor. The Wilcoxon signed-rank test for matched paired data was used to compare the Ktrans and Vp values between pre-and post-lapatinib DCE-MRI studies.
Results
Patient characteristics. Twenty-eight patients were accrued. Three of the patients were withdrawn from study within 1 day due to rapidly progressing disease or withdrawal of consent and contributed little data to the study. Twenty-five patients with advanced or solid tumor malignancies were treated on study between February 2006 and February 2008. Patient characteristics are outlined in Table 1 . The group encompasses a heavily pretreated population with diverse cancer subtypes, typical of a phase I referral pattern. The majority of patients were taxane-refractory and the lung cancer patients deemed appropriate for EGFR TKI therapy had previously failed such therapy.
Toxicity. All 25 treated patients received at least one cycle of therapy. The median number of cycles completed per patient was 4. Dose levels 0 to 3 were escalated under the accelerated design until conversion criteria were met (two grade 2 toxicities). Dose escalation was converted to the standard design beginning with dose level 3 (2,750 mg/day). At dose level 6 (7,500 mg/day), two of six patients experienced DLTs consisting of grade 4 neutropenia with fever, and grade 3 nausea and vomiting. Subsequent expansion of dose level 5 (5,250 mg/day) encountered no DLTs in a cohort of six patients establishing this dose to be the MTD of lapatinib for this combination.
Five patients had serious adverse events that required hospitalization: hemorrhoidal bleeding (confirmed by colonoscopy), presyncope, grade 3 vomiting, and two patients with grade 4 febrile neutropenia. Only the vomiting and grade 4 febrile neutropenia were attributable to treatment, and were all seen at dose level 6. The patient with presyncope was diagnosed with pneumonia and dehydration. Table 2 lists all drug-related grade 1 to 4 toxicities found in ≥10% of patients. The most severe toxicity for each patient is listed for each category. Most toxicities were low grade and manageable. The diarrhea, nausea, and vomiting were transient and were experienced within 24 to 48 hours of lapatinib administration. Two patients required two dose reductions each, the first due to diarrhea in later cycles and the second due to diarrhea and febrile neutropenia. None of the grade 1 to 2 nonhematologic toxicities showed obvious worsening, either in frequency or intensity, with the escalation of lapatinib from dose level 0 to 6. There was also no relationship found between dose level and nab-paclitaxel-associated toxicities such as neuropathy and arthralgias. MUGA scans repeated every 8 weeks while on study did not reveal any clinically significant change in cardiac ejection fraction at any dose level. Diarrhea is the most common toxicity of lapatinib, and has been shown to be dose related (28) . Incidence of diarrhea was higher in this study, consistent with the high doses used, but severity was mitigated by the short duration of pulse dosing, and was manageable with antidiarrheal treatment (Fig. 1) .
Therapy was discontinued in 15 patients due to disease progression. Four patients were removed or withdrew from study because of cumulative toxicities including grade 2 peripheral sensory neuropathy (2 patients), grade 2 vomiting and diarrhea (1 patient), and grade 2 fatigue (1 patient) after 6, 4, 7, and 2 cycles, respectively. Other reasons for study discontinuation included intercurrent illness requiring radiation (2 patients) or surgery (1 patient), patient withdrawal (1 patient), and symptoms related to underlying disease (1 patient).
Clinical activity. Two patients were removed from study before initial treatment response assessment. One patient was removed for surgical management of orthopedic hardware failure, and the second patient was removed because of rapid disease progression at the time of study entry and preference for hospice care. Twenty-three of 25 patients were evaluable for initial response after 8 weeks of therapy. Five of 23 patients (22%) had a partial response (PR) after 8 weeks of treatment. Another 10 patients (43%) had stable disease (Table 3) . As such, a total of 15 of 23 patients (65%) experienced either a PR or stable disease after 8 weeks of therapy. Eleven of these 15 patients (73%) had previously received taxane therapy, and 5 (33%) had previously received EGFR TKI therapy. Patients with either a PR or stable disease remained on study for a median 162 days (range, 51-282 days).
Pharmacokinetics. Lapatinib plasma concentrations at 48 hours after administration, representing the highest trough concentration, increased with increasing dose in a less than proportional manner, as shown by the best-fit curve (r = 0.702) in Fig. 2A . Variability in dose-normalized concentrations (CV 60%) was consistent with previous reports (24, 29) . Despite the less than proportional increase, plasma concentrations achieved by the high-dose pulse regimen were on average 3-fold higher than those achieved by the MTD given twice daily in early phase I trials ( Fig. 2A) . Mean paclitaxel plasma concentrations (AUC) seemed to be higher after a lapatinib pulse (Fig. 2B ), but the statistical significance of this apparent difference could not be assessed. Mean lapatinib concentrations at increasing dose levels and mean paclitaxel pharmacokinetic parameters are listed in Table 4A and B. DCE-MRI. To pilot the utility of DCE-MRI in capturing the vascular effect of a high-dose pulse of lapatinib, 8 of 25 patients underwent DCE-MRI studies before and 48 hours after lapatinib administration (before nab-paclitaxel infusion). DCE-MRI studies were done at baseline (prelapatinib, scan 1) and on day 3 (postlapatinib, scan 2) as well as on day 15 (prelapatinib, scan 3) and day 17 (postlapatinib, scan 4) during the first cycle of therapy. Of the 8 patients, 1 patient had two sets of evaluable MRIs (scans 1 and 2 as well as scans 3 and 4); 2 patients had evaluable MRIs at baseline and day 3 only; and 5 patients had evaluable MRIs on day 15 and day 17 only. There were 9 paired MRI studies in total (3 pairs of scans 1 and 2; 6 pairs of scans 3 and 4). Of the 9 paired MRI studies, 8 showed a decrease in tumor vascular permeability (Ktrans) after a 48 hours pulse of lapatinib. The one patient who underwent two paired MRI scans showed a decrease in Ktrans on both sets. Of the 8 patients whose tumors showed a decrease in Ktrans after a 2-day pulse of lapatinib, 3 patients showed a simultaneous increase in tumor Vp (Fig. 3A and B) . When data from the prelapatinib scans (scans 1 and 3) were pooled and compared with the data from the postlapatinib scans (scans 2 and 4) using the Wilcoxon signed-rank test, a statistically significant decrease in Ktrans was seen (mean, 954 versus 728 per minute per 1,000, respectively; P = 0.0202). No significant change in Vp was found (mean, 15.9 versus 22.9 per 1,000, respectively; P = 0.767).
Discussion
This study shows that a 2-day pulse of lapatinib before weekly i.v. nab-paclitaxel chemotherapy (100 mg/m 2 ) is safe and tolerable in patients with advanced or metastatic solid tumor malignancies. The MTD of lapatinib is 5,250 mg/day given through twice daily dosing. This is considerably higher than the MTD of lapatinib when given continuously. The higher MTD in pulse dosing is associated with higher incidences of grade 1 and 2 toxicities, but generally manageable. Prior lapatinib studies using continuous dosing schedules have described rates of common toxicities such as diarrhea, nausea, and rash on the order of 36% to 42%, 10% to 13%, and 27% to 31%, respectively (28, 29) . A phase 1 study of daily lapatinib 1,250 mg/day and every 3-week docetaxel reported the incidence of diarrhea, nausea, and rash as 56%, 25%, and 52%, respectively (30) . The higher incidence of low-grade diarrhea in our study is consistent with the high lapatinib doses used, and also with previous studies showing that diarrhea is dose related (28) .
Lapatinib dose escalation produced increasing plasma concentrations despite a less than proportional relationship and intrinsically high variability in bioavailability. Mean paclitaxel concentrations seemed to be higher after a 2-day high-dose lapatinib pulse; however, additional data are required to assess the significance of such an effect. The slightly higher rates of grade 3 to 4 neutropenia in our study compared with studies of weekly nab-paclitaxel 100 mg/m 2 given alone (32% versus 24%; refs. 31-33) may, in part, be due to lapatinib inhibition of paclitaxel efflux by P-glycoprotein.
The antitumor efficacy seen in this cohort of largely taxanerefractory patients is a promising signal of biological activity that requires further study. The mechanistic evidence from DCE-MRI data in preclinical models suggests that this is due to improved tumor vascular function (15) . This is difficult to confirm in patients because clinically approved macromolecular contrast media are not yet available. The results in this pilot exploratory analysis show that DCE-MRI does pick up some change in signal and may be worthwhile to pursue. Seven of the eight patients showed a transient decrease in tumor vascular permeability 48 hours after lapatinib administration, and three of them had a concomitant increase in tumor vascular perfusion. A statistically significant decrease in Ktrans is found when all prelapatinib DCE-MRI scans are compared with all postlapatinib DCE-MRI scans; however, the small sample size makes further statistical considerations difficult. An elevated endothelial transfer constant is a pathologic feature of hyperpermeable malignant lesions (34) . Hyperpermeability leads to interstitial hypertension, hypoxia, and acidosis, which prevent the efficient delivery of chemotherapy into tumor cells (1) . A reduction in tumor vascular permeability reduces interstitial hypertension, re-establishes physiologic gradients, and creates a more favorable microenvironment for chemodelivery.
Fury et al. (35) did a similar phase I study with intermittent escalating doses of gefitinib on days 1 and 2 followed by fixeddose docetaxel (75 mg/m 2 ) in patients with advanced solid tumors. They escalated the gefitinib dose significantly above the standard dose, and found toxicity profiles similar to those in this study. Only a weak signal of biological activity was seen in the gefitinib study, although the differences in study population as well as the TKI and chemotherapy agents used make direct comparison to the present lapatinib study difficult. In summary, a 2-day pulse of lapatinib at 5,250 mg/day in divided doses before nab-paclitaxel (100 mg/m 2 ) is a safe and feasible treatment regimen in patients with advanced solid tumor malignancies with a promising signal of biological efficacy in treatment-refractory patients. Phase II studies are being planned to assess the antitumor efficacy of this regimen, and additional preclinical studies are ongoing to develop even more effective approaches to enhance chemodelivery into tumor tissues.
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